Townsend's big-eared bat (Corynorhinus townsendii townsendii) is a wide-ranging subspecies found throughout the western United States. Of the 5 subspecies currently recognized within C. townsendii, 2 are federally endangered and 2 others are considered species of concern. In California, C. t. townsendii is a species of concern given its loss of habitat and presumed limited dispersal capabilities. Here, we investigated the genetic structure and diversity of a group of maternity colonies across the Inyo-White Mountains in west-central California. Analysis of both nuclear (microsatellite loci) and mitochondrial (D-loop fragment) data show a lack of structure across the study region and significant isolation-by-distance, supporting gene flow among maternity colonies in a stepping stone pattern. The maternity colonies in our sampling region are thus part of 1 genetically healthy, panmictic population. Despite the overall genetic viability of C. t. townsendii in this region, we suggest maintaining the connection between colonies is a crucial step in the management and persistence of the subspecies.
some will seasonally move distances similar to females, most tend to remain close to maternity colony roost locations yearround (Pierson and Rainey 1998; Pierson et al. 1999; Smith et al. 2008) . Both sexes are known to use different, intermediate roosts on an intra-or interannual basis despite fidelity to maternity roosts over longer time scales (Sherwin et al. 2000; Sherwin et al. 2003) . Notably, past mark-recapture research has found that both sexes of C. townsendii show extreme philopatry to their summer and winter roosts (e.g., Barbour and Davis 1969; Humphrey and Kunz 1976; Clark et al. 1996) , which is in contrast to most mammal and bat species that show male-biased dispersal (reviewed in Piaggio et al. 2009b ). The resulting limited dispersal can result in genetic differentiation among populations, such that isolated populations may represent evolutionary distinct units all in need of conservation and management.
Research using molecular markers is providing additional data regarding C. townsendii movement. For example, studies of 3 subspecies (C. t. ingens, C. t. pallescens, and C. t. townsendii) have shown that males are not philopatric and exhibit movement over long distances across study areas (Weyandt et al. 2005; Miller 2007; Smith et al. 2008; Piaggio et al. 2009b; Lee et al. 2015) . Female philopatry and movement, however, differs depending on the study. For example, Weyandt et al. (2005) , Smith (2008) , and Piaggio et al. (2009b) have found support for limited female dispersal in C. t. ingens, C. t. pallescens, and C. t. townsendii. In contrast, Lee et al. (2015) and Piaggio et al. (2009b) found female dispersal and biparental movement in C. t. ingens and C. t. virginianus, respectively. Piaggio et al. (2009b) also detected male philopatry and overall low genetic diversity in C. t. virginianus, possibly due to their restricted and isolated geographic range. Finally, several studies and unpublished works have detected long-distance movements of up to 300 km within C. townsendii (Piaggio and Perkins 2005; Smith et al. 2008; Piaggio et al. 2009b) indicating that some populations and subspecies may be more genetically viable than previously thought. Altogether, this past work indicates that each C. townsendii subspecies may be individually characterized on philopatry, gene flow, and movement thus resulting in different conservation status.
Corynorhinus t. townsendii is currently recognized as the most wide-ranging of the 5 subspecies, occupying much of western North America including the entire state of California (Handley 1959; Piaggio and Perkins 2005) . The last published survey of C. t. townsendii conducted in California occurred in the late 1980s and early 1990s (Pierson and Rainey 1998) , and concluded that about 50% of the historically known maternity colonies had disappeared primarily due to loss and degradation of roost sites. Although ultimately denied, a petition to the CDFW was filed in 2012 recommending that Townsend's big-eared bats be listed as endangered in the State of California (unpublished Memorandum, 15 June 2016, CDFW, Sacramento, California) . A recommendation of the CDFW status review of the species included conducting a statewide distribution survey and genetic studies to determine the population genetic structure of C. townsendii in California. To date, no study has specifically examined the population genetics of California populations. Although previous C. townsendii research is not consistent across subspecies (see above), there is a general trend toward extreme site philopatry, genetic differentiation among isolated populations, and low diversity within populations. Thus, an examination of C. t. townsendii population structure in California would be pertinent to future conservation efforts.
The California populations of C. t. townsendii occupy a highly variable area geographically and topographically, occurring virtually throughout the entire state including coastal, desert, and mountain environments (Pierson and Rainey 1998) . In eastern California, the species breeds in low-elevation (< 2,500 m) roosts and migrates elevationally to higher regions to hibernate. The lower-elevation maternity colonies are separated by several mountain ranges that extend to ~4,500 m in height, raising the possibility that the colonies are isolated both by elevation and distance. Research has shown that barriers to dispersal and gene flow exist for bats, even though many species are capable of traveling long distances (e.g., Smith et al. 2008) . Studies of other volant mammals, such as the migratory noctule bat (Nyctalus noctula) in Europe (Petit and Mayer 1999) , indicate that high-elevation mountains such as the Alps may act as barriers to dispersal of individuals. On a larger taxonomic and geographic scale, the Andean uplift in northern South America appeared to have similarly resulted in a vicariant event, splitting lineages of Glossophaga soricina (Pallas's long-tongued bat) on either sides of the mountains into evolutionary distinct units (Rocha Dias et al. 2017 ). Other such vicariant events occurring along mountain ranges have also been suggested by phenotypic data in 2 species of Rhinolophus horseshoe bats in southern Africa (Mutumi et al. 2017) . Thus, mountain ranges, in addition to C. t. townsendii natural history patterns of limited dispersal, could result in population isolation of this bat species across portions of California.
Although often challenging, delineation of population structure is a central step in understanding the ecology and behavior of species, and is a core component of developing management recommendations that lead to species persistence. Given the conservation status of Townsend's big-eared bats in California, potential barriers to gene flow (e.g., various mountain ranges), and possibility of low dispersal capabilities, a population genetic study of this subspecies in California is sorely needed. As a first attempt to assess the population genetics of C. t. townsendii, we examined the population structure (and thus gene flow) of this subspecies across the Inyo and White Mountains in eastern California.
Materials and Methods
Study area.-Sampling of C. t. townsendii was conducted in Inyo and Mono counties, eastern California (Fig. 1) . The study area encompassed approximately 10,500 km 2 (straight line ~180 km north-south and 50-75 km east-west) and is bounded on the west by the Sierra Nevada (mountain crest elevation 3,500-4,500 m) and on the north by elevations above the level suitable for maternity roosts (> 2,500 m). The eastern side of our study area encompassed the entire Inyo and White Mountains (Fig. 1 ) and the southern end the terminus of those mountains and the beginning of the Mojave Desert. Hereafter, we refer to this region as the Inyo-White Mountains since these 2 mountain ranges are physically linked. Our study area was located primarily in the Central Basin and Range Level III ecoregion, and the northern tip of the Mojave Basin and Range ecoregion. We chose this study area because it contains multiple maternity colonies (M. L. Morrison, pers. obs.) and is bounded by barriers that could potentially inhibit movements, allowing for tests of population genetic partitioning by physical barriers and distance among colonies.
The populations within this region have been part of ongoing studies for the past 35 years to investigate movements and ecology of C. t. townsendii (Szewczak et al. 1998; M. L. Morrison, pers. obs.) . Corynorhinus t. townsendii exhibits an elevational migration into winter hibernacula beginning in late October to early November. Females migrate to maternity colonies in early March, with young usually born late May to early June (males tend to remain at lower elevations near maternity roosts throughout the year relative to females; see above). Our particular study area has been surveyed extensively for maternity colonies since 2012 (M. L. Morrison, pers. obs.), resulting in the determination of 21 roost locations (mostly in abandoned mines and natural lava caves) across the entire area.
Tissue sampling.-Sampling took place in the summer and fall of 2014 and 2015. Individual bats were sampled based on the characteristics of the maternity roost they occupied, using capture techniques such as harp traps, mist nets, and hand nets. Upon capture, age and sex were determined and a 3-mm tissue punch was taken from both the wing and the tail membranes (Faure et al. 2009 ). Tissue samples were placed in desiccant (Sigma Silica Gel-Type III) or ethanol and stored at room temperature. Individuals also were PIT (Passive Integrated Transponder) tagged as part of a separate study. In total, 21 maternity colonies were sampled with an attempt to capture a minimum of 10 individuals per colony for genotyping. All animals in this study were treated humanely according to the guidelines provided by the American Society of Mammalogists (Sikes et al. 2016) , the Texas A&M Animal Care and Use Committee (IACUC 2013-0109) , and California Parks and Wildlife Department Scientific Collecting Permit SC1918.
Laboratory methods.-DNA was extracted from individual tissue punches using the E.Z.N.A. Tissue DNA Kit (Omega Bio-tek Inc., Norcross, Georgia), following the tissue protocol provided by the manufacturer with the exception of a final elution volume of 50 μl. Polymerase chain reactions (PCRs) were used to amplify 23 microsatellite loci previously designed for C. townsendii (Piaggio et al. 2009a; Lee et al. 2012) . Following Boutin-Ganache et al. (2001) and Karlsson et al. (2008) , a 3-primer amplification protocol using unlabeled 5′ (forward) and 3′ (reverse) primers and a fluorescently labeled 5′-tail-sequence primer was used to amplify all loci. PCRs of each individual locus were performed in 10 μl reactions containing 5.75 μl water, 3.75 μl Emerald Master Mix (Takara Bio Inc., Mountain View, California), 0.5 μl fluorescently labeled tail primer (6-FAM, NED, PET, or VIC; 5′-GCCTCGTTTATCAGATGTGGA-3′; 10 μM), 0.5 μl forward primer (1 μM) with same tail as the fluorescently labeled tail primer, 0.5 μl reverse primer (10 μM), and 1 μl DNA. Thermal cycling parameters were as follows: 1 cycle of denaturation for 2 min at 95°C, 10 cycles of denaturation at 95°C-30 s, annealing at 58°C-45 s, and elongation at 72°C-60 s, 10 cycles of denaturation at 95°C-30 s, annealing at 56°C-45 s, and elongation at 72°C-60 s, 15 cycles of denaturation at 95°C-30 s, annealing at 52°C-45 s, and elongation at 72°C-60 s, followed by a final extension at 72°C-45 min. Amplified products were multiplexed and run on a 3730xl 96-Capillary Genetic Analyzer (Applied Biosystems, Foster City, California) at the DNA Analysis Facility on Science Hill at Yale University and microsatellite fragments were visualized using GeneMarker software (version 2.6.4; SoftGenetics, State College, Pennsylvania). Microsatellites were scored in GeneMarker and were visually verified by the same researcher for all samples. Ten percent of the samples were re-amplified and scored again to ensure consistency of amplification and scoring. Approximately 67% of samples successfully re-amplified across all loci and of those that did, greater than 95% of loci scored the same; any disagreements in scoring were removed from the analyses.
Of the individuals with successful microsatellite amplification, we choose a subset (80 individuals; 5 from each maternity colony with a sufficient microsatellite sample size) to assess genetic variability of the mitochondrial control region, or D-loop. Amplification of this mitochondrial fragment followed the protocols of Piaggio and Perkins (2005) and Wilmer et al. (1994) using primers LCR and H1. Amplified fragments were purified using ExoSAP-IT (USB Corporation, Cleveland, Ohio), and all sequencing reactions were conducted at the Yale University DNA Analysis Facility on Science Hill (New Haven, Connecticut) using ABI Prism BigDye Terminator cycle sequencing protocols (Applied Biosystems). Sequences were edited using Sequencher 4.9 (GeneCodes Corporation, Madison, Wisconsin), and primer sequences were removed and sequences trimmed in reference to the translated protein sequence using Se-Al v2.01a11 (Rambaut 1996) . All newly obtained sequences were submitted to GenBank (GenBank accession nos. MG767218-MG767297).
Microsatellite analyses.-Loci passing initial screening (see "Results") were tested for deviation from Hardy-Weinberg equilibrium at each maternity colony and across all colonies combined (i.e., the study population) using ARLEQUIN 3.5 (Excoffier and Lischer 2010) with a 1,000,000 step Markov chain including 100,000 dememorization steps. For all colonies and across the study population, expected (H e ) and observed (H o ) heterozygosity, Garza-Williamson (G-W) index (Garza and Williamson 2001) , and unique alleles were determined for each locus and then calculated across all loci. Linkage between markers was investigated using ARLEQUIN with 10,000 permutations and significance corrected for multiple comparisons using a Bonferroni correction (Rice 1989 ). The possibility of null alleles and allelic dropout for each locus was assessed using Micro-checker (van Oosterhout et al. 2004 ). Further, inbreeding coefficient (F IS ) and allelic richness (R) were calculated for each locus at each maternity colony and across the study population combined using FSTAT 2.9.3 (Goudet 1995) with 100,000 permutations. Lastly, we estimated effective population size (N e ) for each maternity colony and across the study population using LDNe 1.31 (Waples and Do 2008) with the random mating model and parametric confidence intervals (CIs).
Genetic differentiation among maternity colonies was initially assessed by pairwise F ST using ARLEQUIN (10,000 permutations) with P-values corrected for multiple comparisons using a Bonferroni correction. Additionally, STRUCTURE 2.3.4 (Pritchard et al. 2000) was used to estimate the number of clusters (K) in the study population. K was set from 1 to the number of colonies and 3 runs were performed for each K with 100,000 repetitions, with a 50,000 step burn-in, and colony capture location set as a prior. Determining the appropriate K followed the Evanno method (Evanno et al. 2005 ) as implemented in StructureHarvester (Earl and VonHoldt 2012) .
To test if the Inyo-White Mountains have acted as a barrier to gene flow, an analysis of molecular variance (AMOVA) in ARLEQUIN (10,000 permutations) was used to determine if there was partitioning of variation between eastern and western colonies. Additional AMOVA partitions were calculated post hoc based on F ST results to determine possible delineations of variance among colonies. Possible isolation-by-distance was investigated using a Mantel test (Mantel 1967) in ARLEQUIN (10,000 permutations) following Rousset (1997) Mitochondrial analyses.-A haplotype network of the mitochondrial data was constructed using a statistical parsimony analysis (Templeton et al. 1992) in TCS 1.21 (Clement et al. 2000) . TCS assembles the most parsimonious haplotype tree and estimates a 95% plausible set for all haplotype connections. Gaps were characterized as missing data and linkages between taxa represent mutational events.
A phylogenetic analysis of the mitochondrial data, including data from GenBank (Supplementary Data SD2) was performed using Bayesian approaches in MrBayes version 3.2.2 (Ronquist et al. 2012 ). Prior to analysis, GenBank data were aligned to the California data set using Se-Al v2.01a11 (Rambaut 1996) and MrModeltest 2.3 (Nylander 2004 ) was used with the Akaike information criterion to select the best model of evolution for the data set (with HKY+I+G as the selected model). Model parameters were treated as unknown variables (nst = 2) with uniform priors and were estimated as part of the analysis. Bayesian analyses were run for 10 million generations with 4 incrementally heated chains (Metropolis-coupled Markov chain Monte Carlo- Ronquist and Huelsenbeck 2003) , initiated with random starting trees, and sampled at intervals of 1,000 generations. Two independent and simultaneous runs were conducted and 25% of the sampled trees were discarded at burn-in. The potential scale reduction factor (Gelman and Rubin 1992) was used to determine if independent runs had converged (which they did). Genetic variation within and among mitochondrial clades was calculated in PAUP* (Swofford 2003) .
Genetic differentiation among maternity colonies was initially assessed using D-loop sequences by pairwise ɸ ST using ARLEQUIN (10,000 permutations) with P-values corrected for multiple comparisons using a Bonferroni correction. Additional AMOVA (10,000 permutations) partitions were calculated post hoc based on ɸ ST , network, and phylogeny results to determine possible delineations of variance among colonies. Possible isolation-by-distance was investigated using a Mantel test (Mantel 1967) in ARLEQUIN (10,000 permutations) following Rousset (1997) 
results
Microsatellite analyses.-Of the 23 C. townsendii microsatellite loci tested, 9 (all tetramer repeats) amplified reliably and were polymorphic (D1, B6, B123, C4, C102, C105, C6, D109, and B7- Lee et al. 2012 ). In total, 202 individuals from 16 colonies were sampled across these 9 loci with no individuals unscored at more than 2 loci (Supplementary Data SD1). All loci adhered to Hardy-Weinberg assumptions for all colonies with the exception of 1 locus (D109) in 1 colony (Taboose Lava, locality 11; Supplementary Data SD3). Additionally, linkage was found once in the 45 locus pairs (D4 and C1) in 1 colony (Whiteside Mine, locality 1). Only 1 locus (C102) showed a significant F IS value, but only across all colonies combined (i.e., the study population). This same locus also indicated a possibility of containing null alleles in the study population as well as the Big Silver Mine (locality 12) colony. We reran our tests with this locus removed and our results did not change. The rarity and inconsistency of potential errors in our marker set leads us to conclude these markers are valid for use in determining spatial relationships between C. t. townsendii colonies.
When compared to each other, maternity colonies had similar diversity numbers (Supplementary Data SD3). Due to small population sizes, LDNe was unable to estimate the effective population size of each colony. The Garza-Williamson index indicated that a bottleneck had occurred recently for all maternal colonies. Analysis of the study population had higher allelic richness and we were able to estimate the effective population size at 404 individuals (CI = 228-1,187). No maternity colony had any loci with a significant F IS , nor did any colony have a significant mean F IS value across all loci. When examining the study population, significant inbreeding was detected in only 1 locus (C102), possibly resulting from the presence of null alleles; however, the mean F IS for all loci was not significant.
Pairwise F ST estimates were only significantly different between 1 maternity colony pair: Chipmunk (locality 10) and Snowflake (locality 23; Table 1 ; Fig. 1 ). Cluster analyses -The statistical parsimony analysis resulted in 2 subnetworks, neither of which had any noticeable structure (Fig. 3) . One subnetwork consisted of 1 haplotype (haplotype 14) and the 7 bats possessing this haplotype were from 6 different maternity colonies. The other subnetwork was represented by 13 haplotypes, the largest of which included 40 bats from 12 maternity colonies (haplotype 1). The other 12 haplotypes had at most 5 individuals from 4 maternity colonies (Fig. 3) .
Bayesian phylogenetic analysis revealed 1 well-supported clade consisting of all C. townsendii specimens (sister to C. rafinesquii; Bayesian posterior probability, PP = 1.0; Fig. 4 , Clade A). Average genetic divergence (uncorrected p distances) within this clade is 2.9%. This best tree also supports a monophyletic Corynorhinus t. townsendii (Clade B, but with low support; average genetic divergence within Clade B = 1.9%) sister to C. t. pallescens (8.3% average genetic divergence between the 2 subspecies). Within C. townsendii, nearly all of the California C. t. townsendii are placed within a well-supported clade (Clade D; PP = 1.0), which also contained several C. t. townsendii specimens from GenBank (AY713938, AY713780, and AY713532 from Oregon, Nevada, and California, respectively; average genetic divergence within Clade D = 0.9%). Sister to this California clade, although lacking support, is a clade that corresponds to the small haplotype subnetwork reported above (Clade E). This clade includes 7 California bats from 6 different maternity colonies as well as 3 GenBank specimens from Nye Co., Nevada (AY713712, AY713714, and AY713715) and is 5.4% divergent (uncorrected p distance) from Clade D.
No pairwise ɸ ST comparisons between colonies were significant (Table 1) . Despite this lack of significance, the Mantel test was significant (P = 0.0222), with a correlation coefficient of 0.193 suggesting a possible pattern of isolation-by-distance. Using the network analysis and distribution of haplotypes over the range as a guide (Fig. 5) , we partitioned populations into north (Buck Mine, Deep Springs, Blind Springs, Benton Pumice Mine, Chipmunk, Gar Watts, Poleta, and Crater Mountain; localities 14, 17, 10, 2, 9, and 22, respectively), south (Snowflake, Big Silver Mine, Old Abe, Whiteside Mine, Reward/Eclipse, and Green Monster; 23, 12, 15, 1, 3, and 6, respectively), and middle (Townview and Taboose Lava; 13 and 11, respectively) in AMOVA and found 27.96% (P = 0.0003) of variance was partitioned among groups.
discussion
Our results suggest that maternity colonies of C. t. townsendii across the Inyo-White Mountains comprise 1 panmictic population, despite mountains being known barriers of dispersal for some bat species (e.g., Petit and Mayer 1999; Rocha Dias et al. 2017 ). Using our microsatellite markers, we were unable to partition individuals using STRUCTURE and found a paucity of significant pairwise comparisons between colonies. We also were unable to find a significant effect on nuclear gene flow with colonies on either side of the Inyo-White Mountains in our AMOVA. Lastly, when looking at the diversity of the study population, we did not see a loss of heterozygosity or an increase in F IS , which usually indicates that distinct populations exist within the sampling area. Mitochondrial data (haplotype network, phylogenetic analysis, and pairwise comparisons) also support a lack of structure across the study population. These data all point to the ability of male and female bats to encounter and mate with individuals from different maternity colonies across the sampling region. How often and when gene flow is occurring is unknown, but it is important to point out that C. townsendii can live 16 years in the wild (Paradiso and Greenhall 1967) giving this species a generation time that could extend to multiple years such that potential gene flow opportunities need not happen frequently (i.e., every year).
Nuclear genetic structure.-While our evidence initially indicates a full intermingling of genetic material across the sampling region, further analyses suggest an isolation-bydistance effect. Although nearly all pairwise F ST values were not significant, there was a positive correlation between those values and distance between colonies (Fig. 2 ) with significant Mantel tests indicating possible isolation-by-distance. Notably, our only significant pairwise comparison involved 2 maternity colonies (Chipmunk and Snowflake; Table 1 ) that are located on opposite sides of the Inyo-White Mountains (localities 10 and 23; Fig. 1 ) approximately 83 km apart, which is greater than the average distance between colonies. Furthermore, when we partitioned microsatellite variance among the colonies to search for optimal grouping of colonies, the best partitioning schemes involved groupings of 2 or 3 groups with each group consisting of geographically proximal colonies. Previous studies that tracked movement of individual bats across several C. townsendii subspecies have suggested individual movements of 10-40 km (Pearson et al. 1952; Humphrey and Kunz 1976; Loeb et al. 2011 ) for foraging and migration to hibernacula. Although males do not roost with females during the summer, they do encounter and mate with females as the females move those 10-40 km to winter roosts (Pearson et al. 1952 ). Across our sample area, the average distance between a colony and its closest neighbor is 10 km (maximum distance 18 km) putting proximal colonies well within the known travel distance of the bats. Encounters during female movement provide ample opportunity for bats to mate with others from nearby colonies which would create a stepping stone (or island hopping) pattern of gene flow as suggested by our data.
While our data show a gradual stepping stone pattern of gene flow in C. townsendii, other studies using nuclear markers have not, although they have found gene flow. In C. t. ingens, (Fig. 4) represents a separate subnetwork. Weyandt et al. (2005) found no significant pairwise comparisons of nuclear markers among colonies within 15 km of each other in Oklahoma. Lee et al. (2015) confirmed these findings, and their addition of 2, more distantly located colonies (1 at least 17 km away from all others and another ~50 km away in Arkansas) resulted in significant differentiation of these far colonies from all other colonies in the study. However, longdistance nuclear gene flow has been noted in several studies. For example, Smith et al. (2008) were unable to partition C. t. pallescens colonies from different caves (within gypsum deposits that were ~100 km away through uninhabitable terrain). Long-distance gene flow was also seen in C. t. virginianus (Piaggio et al. 2009b ) in the Appalachians between 1 colony pair ~150 km apart (although differences were detected at anticipated habitat breaks at least 100 km away in the remaining colonies). Piaggio et al. (2009b) also investigated gene flow within and across C. t. pallescens and C. t. townsendii in Colorado and found a lack of nuclear genetic differences across the state and, surprisingly, across the 2 subspecies indicating gene flow at distances of 150 km and potential hybridization. When comparing known C. t. townsendii hibernacula in Idaho, Miller (2007) was unable to find pairwise differences but was able to partition variance between 2 clusters of hibernacula ~120 km apart. The largest distance between colonies in our study was 136 km, putting our results in line with the above studies. Interestingly, none of these studies found isolation-by-distance but either investigated tight clusters of colonies (Weyandt et al. 2005) or chose colonies that had large gaps between clusters (Smith et al. 2008; Piaggio et al. 2009b; Lee et al. 2015) . All of these studies suggest C. townsendii, and especially the western subspecies, are capable of longer-distance dispersal than initially supposed based on wing shape (short and broad wings- Piaggio and Perkins 2005; Weyandt et al. 2005 and references therein). Anecdotal evidence of an individual C. t. townsendii foraging across 150 km in 1 night also supports the ability of these bats to move long distances despite their wing shape (Piaggio and Perkins 2005) .
Mitochondrial genetic structure.-By choosing to investigate a mitochondrial marker (D-loop) alongside the nuclear markers, we were able to investigate population structure as well as sex-biased dispersal and philopatry. We did not detect any significant pairwise difference between colonies despite higher values for ϕ ST than seen in F ST pairwise comparisons (possibly due to low power from small sample sizes in each colony). As with the nuclear markers, we determined an isolation-by-distance pattern with the mitochondrial D-loop region. However, unlike the nuclear markers, we were able to partition variance between the northern and southern colonies. Moving along the maternity colonies from north to south, a gradual shift in the haplotypic makeup of each colony occurs culminating in the 3 southernmost colonies (Old Abe, Big Silver Mine, and Snowflake; localities 15, 12, and 23, respectively) lacking the most common haplotype found in the region (Fig. 5) . This suggests that these bats are returning to the same general area and creating a stepping stone pattern where individual(s) may relocate, most often to nearby roosts, with each generation.
Even though the literature (Pearson et al. 1952; Sherwin et al. 2003 ) and recent observations (M. L. Morrison, pers. obs.) strongly suggest C. t. townsendii exhibits an extremely high degree of philopatry, it is important to consider that even infrequent dispersal (e.g., ~1-2 females every few generations) can reduce mitochondrial differentiation between colonies (Birky et al. 1989) . Movement of haplotypes is clearly demonstrated in a C. t. ingens colony after 10 years (Weyandt et al. 2005; Lee et al. 2015) , as well as haplotypic introgressions observed in C. t. pallescens (Smith et al. 2008; Piaggio et al. 2009b) . Corynorhinus townsendii is known to change roost locations when disturbed (Humphrey and Kunz 1976) ; across California, approximately one-half of the known maternity roosts prior to 1980 were abandoned, with new roosts found after 1980 making up 80% of those lost (Pierson and Rainey 1998) . With environmental and human pressures, a lost roost may result in bat movement thereby reshuffling haplotypic as well as nuclear makeup. While the exact causes for a change in roost are numerous, roost location can vary within and across years even with a strong signal of site fidelity in C. townsendii (Sherwin et al. 2003) .
All previously mentioned studies on the molecular ecology of C. townsendii using mitochondrial markers found more frequent divisions between colonies than studies using microsatellites. The large distances between colonies in C. t. pallescens (Smith et al. 2008; Piaggio et al. 2009b) , C. t. virginianus (Piaggio et al. 2009b) , and C. t. townsendii (Miller 2007; Piaggio et al. 2009b ) that showed no significant differences with microsatellites did show differences with mitochondrial markers. In all these studies, however, more proximal colonies (i.e., less than 50 km) were not significantly different. The exception to this trend was C. t. ingens, where Lee et al. (2015) were unable to find significant differences between any of the colonies using mitochondrial data, including the ones that differentiated with microsatellites. In this study, C. t. ingens had a low number of haplotypes and was dominated by 1 haplotype, which makes it more likely that 2 separate colonies might both fix on the same haplotype as a result of drift. As mentioned above, what is particularly interesting is that 10 years prior, Weyandt et al. (2005) investigated the same region and were able to differentiate colonies, which was likely driven by 1 colony that had fixed on the dominant haplotype while its neighbors had not. When Lee et al. (2015) investigated that same colony, a second haplotype was found and all structure was lost. This example, as well as the other studies on this species, supports the findings of our study that these bats may not be as philopatric as previously believed.
Our research uncovered a unique mitochondrial haplotype shared among 6 maternity colonies (and 7 bat individuals; haplotype 14; Fig. 3 ) as well as 3 individuals from Nevada obtained from GenBank ( Fig. 4 ; Supplementary Data SD2). We also found 1 haplotype within Clade D (Fig. 4) that is shared over several states (California, Nevada, and Oregon) . This, as well as the general lack of resolution with Clade D, tells us that our sampling area likely is not closed, and genetic exchange is probably occurring over an even wider area that the Inyo-White Mountains (Avise et al. 1987; Moritz 1994) .
Genetic diversity, management concerns, and recommendations.-The Inyo-White C. t. townsendii population appears to be genetically healthy with no inbreeding or departures from Hardy-Weinberg equilibrium. Given the rapid loss of habitat that C. townsendii has experienced in the past century (Pierson and Rainey 1998) , our finding of a recent genetic bottleneck is not unexpected. Our study population has an effective breeding size (~400) roughly equal to that of the populations described by Piaggio et al. (2009b) . Those populations also were genetically healthy, although we cannot directly compare our results to Piaggio et al. (2009b) since a different set of molecular markers was used. The ability to consider the colonies collectively as a single population is crucial as each colony considered on its own loses allelic richness and effective population size, both indicators of the ability of a population to adapt and persist.
Managing C. t. townsendii requires a level of understanding of the population structure to determine the best means to ensure the health and persistence of the species. The study population examined here is doing well in no small part due to the genetic interconnectedness of multiple colonies within and likely beyond the sampling area. To maintain the diversity in the region, multiple colonies must be safeguarded, as should areas that can serve as potential roosts in and around the sampling region. These potential roosts can bridge the distances among colonies providing corridors of genetic exchange. With the loss and gain of roosts in the region due to human activity, all care and attention should be given such that no colony is isolated from other colonies.
We have shown that C. t. townsendii in the Inyo-White region of California comprise multiple maternity colonies with a high degree of connectivity to make up 1 viable population. The reproductive and behavioral patterns of this bat species lend themselves to the exchange of both nuclear and mitochondrial genetic material among colonies. The amount of gene flow corresponds to the distance between colonies and, as such, even colonies at great distances can receive genetic information in a stepping stone fashion with the aid of intermediate colonies.
This study revealed isolation-by-distance and gene flow via a stepping stone manner in C. townsendii, and future research in other regions may reveal a similar pattern if sampling is extensive across the range of the species. Long-distance dispersal, although not detected in this study, also is a possible means for these bats to exchange genetic material. Given this knowledge, managers should seek to maintain the connectedness of maternity colonies in the region to keep genetic diversity up and ensure the long-term survival of this subspecies, especially in light of recent and ongoing habitat loss. Despite the overall genetic viability of C. t. townsendii in this region, we suggest maintaining the connection between colonies is a crucial step in the management and persistence of the subspecies.
suppleMentary data
Supplementary data are available at Journal of Mammalogy online. Supplementary Data SD1.-Corynorhinus townsendii townsendii specimens used in analysis of microsatellite and mitochondrial data. Unique specimen identifier, accession number (if available), locality (including map location as well as latitude and longitude), sex, age, and mitochondrial and microsatellite information are given. Map locations match Fig. 1 ; numbers are nonconsecutive because of an established numbering system for other research projects in the region. Supplementary Data SD2.-GenBank specimens used in the phylogenetic analysis. Subspecies, locality, and GenBank number are given. Supplementary Data SD3.-Diversity measures for each Corynorhinus townsendii townsendii maternity colony at each microsatellite marker used. Measure a represented as follows: n = number of samples, H o = observed heterozygosity, H e = expected heterozygosity, G-W = Garza-Williamson index, F IS = inbreeding coefficient, n a = number of alleles, R = allelic richness, N e = effective population size with confidence intervals in parentheses. Significant values in bold. 
